Tebuthhwon (N-[
Tebuthiuron* has effectively controlled a variety of woody species in the southcentral United States (S&es et al. 1979 (S&es et al. , Bovey et al. 1981 ) and big sagebrush (B&ton and Sneva 1981,1983; Whitson and Alley 1984; Clary et al. 1985; and McDaniel and Balliette 1986) in the western United States. Scifres and Mutz (1978) reported increased grass standing crops at I, 2, and 3 years following application of tebuthiuron at 2.24 kg ha" to mixed brush stands in Texas. Forb production declined initially where tebuthiuron was applied at rates greater than 1 .O kg ha-', but production returned to normal 3 years after application rates as high as 4.48 kg ha-'. Sosebee et al. (1979) found grass production was greatly reduced for 3 growing seasons and forb production for 1 season following application of tebuthiuron in May to broom snakeweed (Xanthocephalum sarothrae Skinner) stands in Texas. Tebuthiuron effectively controlled big sagebrush when applied at rates greater than 2.0 kg ha-' in central Orgeon (B&ton and Sneva 1981) . Herbage yields declined when the rate of application of tebuthiuron to big sagebrush was increased from 0.25 to 2.0 kg ha-'; fall applications were more detrimental than spring applications (B&ton and Senva 1983) . This finding appears to contradict that found by Sosebee et al. (1979) for species in Texas. Whitson and Alley (1984) , in Wyoming, reported big sagebrush was controlled by tebuthiuron at rates as low as 0.6 kg ha-'. Live canopy covers of western wheatgrass [Pascopyrum smithii (Rydb.) A. L&e], prairie junegrass [Koeleria pyrimidata (Cam.) Beauv.], needle-and-thread grass (Sripa comaraTrin. and Rupr.), and green needlegrass (Stipa viridula Trin.) were not affected by tebuthiuron at rates as great as 1.1 kg ha-', but the first year after application these cool-season grasses were chlorotic in appearance (Whitson and Alley 1984) . In Utah, Clary et al. (1985) found application of tebuthiuron to sagebrush range at rates of 0.6 kg ha' and higher resulted in decreased production of most shrub species, and at rates of 1.3 kg ha" and higher the herbaceous composition changed from mostly perennial to more annuals. The objective of this study was to determine the effect of tebuStudy Area and Methods thiuron applied during the spring at 0.6 and 1.1 kg ha-' as 20 and 40% active ingredient pellets on plant species occurring on sites The study was conducted on the U. Calcixeroll. The surface horizon was grayish brown, slightly calcareous, very stony loam about 25 cm thick. The C horizion was light gray to light brownish gray, strongly calcareous, very stony loam that extended to a depth of 50 to 100 cm. It was underlain by shattered, lime coated basaltic bedrock. Rock reached the surface on about 20 to 30% of the area.
The gray horsebrush site was an area formerly dominated by mountain big sagebrush that was burned by a wildfire in August 1974. Gray horsebrush and green rabbitbrush sprouted vigorously from dormant buds on basal stems following burning. Shrubs were generally less than 40 cm tall. The habitat type and soil were similar to that of the mountain big sagebrush site.
Records obtained from the official National Weather Station located near the Station headquarters indicated annual precipitation in 1979, the year of herbicide application, was 20% below the %-year average of 288 mm. In subsequent years of study (1980) (1981) (1982) (1983) annual precipitation was 28, 22, 43, and 82% greater than the long-term average, respectively.
Fifteen 15.2-by 15.2-m plots were arranged in a completely randomized design at the mountain big sagebrush and threetip sagebrush sites. The experiment in the gray horsebrush site was arranged in a randomized complete block design with each of the 3 blocks located at a separate loation. Treatments consisted of an untreated control and 2 rates (0.6 and 1.1 kg ha-') of each of the 2 formulations [20 (20P) and 40% (40P) pellets] of tebuthiuron. Treatments were replicated 3 times. Herbicide pellets were mixed with blank pellets to obtain sufficient bulk for easy hand distribution. These mixtures were applied by hand 7 May 1979 at the threetip sagebrush site and 31 May 1979 at the mountain big sagebrush and gray horsebrush sites.
Estimates of live crown cover of shrubs were made during June 1979 and 1980. Four lines were randomly located across each plot and canopy cover of each shrub species estimated in twenty-five 20-by 50 cm quadrats per line using the method outlined by Daubenmire (1959) . The 1979 estimates represented the pretreatment cover, while the 1980 estimates represent effects on shrubs 1 year following treatment. The density of live shrubs, except seedlings less than 5 cm tall, was determined in August 1984 by counting all individuals of each species in each 15.2-by 15.2-m plot.
During mid- June 1981 June ,1982 June , and 1983 , after the majority of the grasses and forbs reached maximum growth, five 0.45rn2 circular plots were randomly placed in each plot to obtain live standing crop data for individual grass, forb, and shrub species. Subplots were randomly placed each year. In 1981 the individual major herbaceous species were harvested at Icm stubble height, ovendried at 70" C, and weighed. Weights of minor species were estimated by the technique described by Pechanec and Pickford (1937) . During subsequent years all species were clipped, ovendried, and weighed. Plots at the gray horsebrush site were clipped only in 1981 and 1982. Only current growth of shrubs was harvested.
Analyses of variance were used to determine treatment effects on individual species and plant yield categories. Where individual species occurred in all treatment, year, and replication combinations, they were analyzed separately. Additional analyses included all shrub, all grass, and all forb categories. Dunnett's procedure (Dunnett 1964 ) was used to test significance of herbicide treatments from untreated vegetation means at p1.05.
Results and Discussion
L.cavcs of mountain big sagebrush and threetip sagebrush exhibited herbicidal symptoms (chlorosis and withering) by late August 1979. Although most leaves appeared unhealthy, they were retained over winter, and were gradually dropped during the spring of 1980. By early summr most dead leaves were shed. In contrast, gray sagebrush and antelope bitterbrush exhibited only minimal herbicide symptoms by the end of summer 1980. The most marked effect, evident by spring 1981, on the gray horsebrush site was the relatively large patches (30-60 cm diameter) devoid of any living vegetation in plots treated with tebuthiuron at 1.1 kg ha-' (2OP). A similar effect was evident for mountain big sagebrush and threetip sagebrush sites, but the patches were smaller (<30 cm diameter). Walues not followed by the same kttcr in the same row arc rigniticantly dietcat at EO.5. Observations indicated no detectable differences in amounts of understory vegetation between treated and untreated plots during 1979 and 1980, but by 1981 differences between certain treatments were evident.
Mountain Big Sagebrush Site
Herbicide applications reduced the total shrub live crown cover 47 to 83% in the second growing season following treatment (Table  1) . Mountain big sagebrush, the predominant species, accounted for most of the reduction. The 1.1 kg ha' (20P) treatment resulted in the greatest reduction. The results reported here are similar to that found by Clary et al. (1985) in Utah for the 1 .O kg ha' rate, but are lower than for the 0.6 kg ha-' rate. The heavier texture of our soil may have tied up a greater proportion of the herbicide especially at the lower rate. Another possibilit response between studies at the 0.6 kg ha -7 is that the difference in rate could be related to the difference in formulations used (10 vs. 20%) as well as textural differences. At a given rate one would expect that twice as many pellets would be distributed at the 10% formulation compared to the 20% formulation resulting in a greater chance for the herbicide to intercept a live root. However, at the higher rate nearly all sagebrush plants might be affected at the formulation used.
The generally low cover of green rabbitbrush (<0.05% and not shown), antelope bitterbrush, and gray horsebrush at this site led to erratic and nonsignificant data following most herbicide application (Table 1) . Reduction in cover in 1980 suggests these species are susceptible to tebuthiuron as found by Britton and Sneva ( 198 1) and Clary et al. (1985) .
In the sixth growing season (1984) following herbicide application, the effects of different rates and formulations of tebuthiuron on shrubs were still evident ( Table 2) . Densities of mountain big sagebrush plants were 25, 11, 34 , and 35% of the untreated for the 0.6 kg ha-' (2OP), 1.1 kg ha-' (2OP), 0.6 kg ha-' (4OP), and 1.1 kg ha-' (40P) treatments, respectively. Like live shrub cover, the density of plants for other shrubs were erratic and not clearly related to treatment.
Production of current growth of mountain big sagebrush was reduced significantly (p1.05) from the untreated shrubs at all rate-formulation combinations in all years (Table 3 ). Production differences between the herbicide treatments were nonsignificant.
During the first 2 growing seasons (1979) (1980) following tebuthiuron application, observed and estimated production of grasses and forbs did not appear to be either increased or decreased from the untreated area. Although, by the end of the second growing season, small distinct patches nearly denuded of live vegetation occurred in the 1.1 kg ha-' (20P) plots. In 1981, total grass production was significantly (p1.05) greater for the 1.1 kg ha-' (4OP) treatment area (Table 3) .
Production in 1982 was approximately one-half that of 198 1 and as a-result treatment effects were not pronounced. By 1983 grass production was significantly greater than the untreated for all treatments except the 0.6 kg ha-' (40P) formulation. When total grass production is considered over the 3 years, only the 1.1 kg (40P) formulation treatment was significantly greater than the untreated.
Among the individual grass species thickspike wheatgrass, bluebunch wheatgrass, and needle-and-thread grass responded to herbicide applications. Thickspike wheatgrass increased signiticantly due to the 1.1 kg ha-' (2OP) and to the 0.6 kg ha-' (40P) rate formulation, while both bluebunch wheatgrass and needle-andthread grass increased significantly due to the 1.1 kg ha-' (40P) treatment (data not shown). Clary et al. (1985) found bluebunch wheatgrass increased significantly the first year following tebuthiuron application at the 1.3 kg ha-' (1OP) treatment, but Clary admits this may not have had real meaning (personal communication). Bluebunch wheatgrass did decrease in subsequent years (Clary et al. 1985) . Needle-and-thread grass live crown cover did not change for 2 years following tebuthiuron applications up to 1.1 kg ha-' at either the 10 or 20%formulations in Wyoming (Whitson and Alley 1984) .
Western wheatgrass increased due to herbicide treatments applied at heavier rates and lower percentage formulations (Whitson and Alley 1984) like thickspike wheatgrass in this study. Western wheatgrass and thickspike wheatgrass are both strongly rhizomatous, and this characteristic may be responsible for its ability to endure heavier rates. Based on frequency measurements Britton and Sneva (198 1) found all grass species decreased, except Idaho fescue (Fesrucu idahoensis Elmer), at tebuthiuron rates of 2 and 4 kg ha-' at the 20% formulation.
Forb production was unaffected by tebuthiuron applied at the rates and formulations used in this study. On a Utah juniper treatment area in Utah, Clary et al. (19851 found forb production declined at rates between 1.3 to 2.7 kg ha-at the 1% formulation compared to the untreated, but found no differences from the untreated on the mountain big sagebrush site at rates between 0.6 and 1.3 kg ha-'. The lack of forbs on the mountain big sagebrush site could account for this result.
Combined grass and forb production was significantly greater (ps.05) on plots treated at the 1.1 kg ha-' (40P) compared to the untreated or other herbicide treated plots. In the 3 years this treatment produced 52% (990 kg ha-') more forage than the untreated.
Threetip Sagebrush Site
Reductions in total live shrub cover varied from 50 to 70% in the second growing season (1980) following herbicide application (Table 4) . Threetip sagebrush was the most prevalent shrub and accounted for most of the reduction. As with mountain big sagebrush, threetip sagebrush live crown cover was reduced most by the 1.1 kg ha-' (20P) treatment (77% reduction from untreated).
Live crown cover of other shrubs was low and responses to tebuthiuron treatments were more erratic than found at the mountain big sagebrush area. Part of this erratic response can be attributed to the differential amounts of surface rock between plots at this site. Plots with greater amounts of surface rock could either concentrate tebuthiuron in the interspaces or on the rock surfaces. As a result effective rates would be increased or decreased depending on the situation.
In 1984 density of threetip sagebrush plants 66,41,85, and 72% of the untreated by the 0.6 kg ha-r (2OP), 0.6 kg ha-' (4OP), 1.1 kg ha-' (2OP), and 1.1 kg ha-' (40P) treatments, respectively (Table 2) . Total current production of threetip sagebrush was significantly reduced (pS.05) by tebuthiuron application in 1981 (Table 5) . Production was also reduced in 1982 and 1983 except for the 0.6 kg ha-r (20P) and 0.6 kg ha-' (40P) treatments. Variation in sampling appears to be the only explanation for these results.
Total grass production, resulting from tebuthiuron application, was not significantly different (pS.05 from the untreated in 1981 and 1983, but was significantly greater (pI.05) for the 1.1 kg ha-' (40P) treatment in 1982. Over the 3 years cheatgrass (Bfomus tectorum L.) increased from an avera e of 17 kg ha-in the untreated to 300 kg ha-' in the 1.1 kg ha-? 40P) treatment. Cheatgrass production also averaged 66 kg ha-at the 0.6 kg ha-' rate compared to 200 kg ha" at the 1.1 kg ha-' rate. Similarly, Clary et al. (1985) found a significant increase in cheatgrass in the tebuthiuron treated areas compared to untreated areas. Bluebunch wheatgrass increased significantly (K.05) due to the 0.6 kg ha" (20P) application. In the mountain big sagebrush site, bluebunch wheatgrass increased due to the 1.1 kg ha-' (40P) treatment. The reason for the difference between treatment responses is not clear. Sandberg's bluegrass declined an average of 44% from the untreated in the 1.1 kg ha-' (20P) treatment. Forb production was not significantly affected by any treatment in any years.
Total grass and forb production over the 3 years was 67% (952 kg ha-') and 74% (1,042 kg ha-') greater than the untreated on plots treated at 0.6 kg ha-' (40P) and 1.1 kg ha-' (4OP), respectively. Significantly greater production (E.05) was associated with the 49% formulation in 1982, but response to rates was similar.
Gray Horsebrusb Site --+30  --+14  __  -------+12  +34  --+38  +53  -2 ---1
Slight increase in total live crown cover occurred with the 0.6 kg ha-' rate, and decreases with the 1.1 kg ha-' rate (Table 6) . Total live shrub cover was considerably less at this site compared with other sites, but densities of plants were 43 and 23% greater than at the mountain big sagebrush and threetip sagebrush sites, respectively (Table 2) . Six years after application total densities were reduced by all tebuthiuron treatments. The 1.1 kg ha-' (20P) treatment reduced the density of shrubs by 6490.
Tebuthiuron, at the rates and formulations used in this study, caused little effect on shrubs at the gray horsebrush site in the first few years of the experiment. In the sixth growing season shrub densities were reduced significantly. Grass and forb production was not increased due to any treatment. At the time of production measurements (1981) (1982) . the plots contained many small shrubs which did not appear to have responded to the tebuthiuron treatments. It is not likely as the shrubs declined the grass and forb production would increase similar to that found at the mountain big sagebrush site, because the shrubs were smaller and probably did not use the soil moisture in the same pattern as the larger shrubs.
Production of gray horsebrush was not significantly affected (pI.05) by any treatment during 1981 and 1982 (Table 7) . Although in 1982 the production appeared to be reduced due to the 1.1 kg ha" (2OP) treatment, the trend probably did not continue because there were no reductions in density of horsebrush plants in 1984. However, when all shrubs are considered, significant reductions occurred compared to the untreated. Total grass and forb production were unaffected by any tebuthiuron treatment, and individual grasses and forbs did not respond to any treatment.
Response8 over All Sites
Shrub production at the mountain big sagebrush and threetip sagebrush sites was not significantly affected by the 40P formulation at both rates. Clearly sufficient herbicide was dispensed at the 40P formulation to interact with shrub roots, whereas more pellets reached individual grass plants at the 20P formulation than at the 4OP formulation. Consequently any gain in grass production from sagebrush removal was offset by more plants being killed. No differences between rates or formulations for any plant groups were evident at the gray horsebrush site.
Mountain big sagebrush was equally susceptible to all tebuthiuron treatments when production was averaged over all sites and years (Table 8) . Threetip sagebrush and other shrubs were most susceptible to the 1.1 kg ha (20P) treatment. Standing crops of individual grasses varied in their responses to tebuthiuron. The 1.1 kg ha-' (20P) rate formulation resulted in neither increases nor decreases in standing crops of grasses and sedges. Forb production increased significantly to the 0.6 kg ha-' (40P) treatment, but did not respond to other treatments. When grass and forb production values are combined, the greatest increase occurred due to the 1.1 kg ha" (40P) treatment.
Within similar soil and environmental conditions this study shows that tebuthiuron applied at 1.1 kg ha-' rate and in a 40% formulation should result in significant increases in grass production when applied in the spring to mountain big sagebrush and threetip sagebrush ranges. Tebuthiuron applied at rates and formulations used in this experiment do not appear to be effective for increasing grass production on gray sagebrush sites. 
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Conclusions
At the mountain big sagebrush and threetip sagebrush sites tebuthiuron applied at 1.1 kg ha-' (20P) caused the greatest reduction in shrub live crown and cover and density of plants. However, this treatment also resulted in the poorest response of grasses. Using a 1.1 kg ha-' (40P) application should provide sufficient reduction of shrubs to enhance grass production.
